In a setting of constant change and confusing terminology, telehealth continues to gain ground in both developed and developing countries within the overarching milieu of e-health. Evidence shows telehealth has been used in essentially all countries of the world, but is embedded in few. Uses and needs of telehealth vary between the developed and developing world; the latter struggles with both communicable diseases and noncommunicable diseases, and with very few resources. Common clinical applications include teleconsultation, telecardiology (transmission of ECGs), teleradiology, and teledermatology. Many telehealth projects exist throughout Latin America and the Caribbean, Asia, and Africa, but there is little published evidence and only isolated examples of sustained programs, although several sustained humanitarian networks exist. Application of mobile solutions (m-health) is on the rise in many developing countries. Telehealth is still not integrated into existing health care systems globally. Reasons vary: lack of proven large-scale operations, poor evidence base, inadequate implementation, lack of attention to the "soft side" of implementation (readiness, change management), and many others. For the developing world, reasons can be more pragmatic, including limited resources, unreliable power, poor connectivity, and high cost for the poverty stricken -those most in need. Telehealth is poised to improve health and health care in the developing world, driven by both altruistic and profit motives. But to have the desired effect, telehealth must address very specific and evidence-based health "needs" of each facility, region, or country; the shortage of health workers and specialist services; and the required skills upgrading and training, allowing the developing world to establish its own critical mass of experts. This will only be achieved by raising awareness, understanding, and ability regarding telehealth capability and limitations, and by the coordinated political and professional will of all those involved to guide public and private innovation and telehealth integration.
Introduction
Health and well-being are complex matters. At the individual level, health care services, wellness, and behavior all impact health and well-being, but at the population level so too do social and economic policies and politics. The link between "economic well-being" and "health/well-being" is accepted. Countries differ substantially in their levels of health and well-being, but in general terms those countries with higher wellbeing are those that are more economically developed with higher personal income leading to better health.
Increasingly, the link between use of information and communications technology (ICT) and the future of health and health care is acknowledged, if not broadly accepted or integrated. Use of ICT in health is termed e-health. 1 The first significant and systematic use of e-health was primarily for military and space applications, but its use has steadily broadened. Bringing any innovation to maturity is a challenge, yet this seems inexplicably so for e-health, particularly telehealth, which, in various guises, has been "in development" for well over 100 years. 2 Indeed, the first use of "ICT for health" may have been in the 1860s when telegraph messages were sent to seek help for treating wounded soldiers during the American Civil War -nearly 155 years ago. 3 Arguably e-health comprises four main elements: • e-commerce (the business side) • e-learning (the training -awareness, teaching, instruction, and education -side) • Health informatics (the data gathering, storage, analysis, and distribution side) • Telehealth (the interactive -real-time or store-andforward -side). Investment in innovative e-health research, followed by adoption and integration of proven e-health solutions, is becoming a key aspect of sustainable economic development and health system restructuring, particularly for the developing world. 4 Yet a primary issue remains -what e-health solutions should be invested in?
The focus of this paper is on one element of e-healthtelehealth. However, any technologically appropriate and culturally sensitive solution 5 based on health "need" may, in fact, require different proportions of all four elements. In general, speaking of "e-health" solutions is more appropriate than speaking of telehealth, health informatics, e-learning, or e-commerce as individual solutions. e-Health is often used in this paper as the overarching term, with specific reference to individual elements (especially telehealth, and m-health) as and when more focus is necessary. Definitions -and misuse of terms -abound. 6 A generic definition for the element of telehealth is used here. Telehealth is the use of ICTs to exchange health information and provide health care services across geographic, time, social, cultural, and political barriers.
Telehealth encompasses activities often termed telemedicine, telecare, or telehomecare, among others. Regardless of the term used, it is important to understand the breadth of technology, application, and role of telehealth. For example, telehealth: a. uses any form of ICT device (from a desktop PC, through laptops and i-pads, to smart devices and sensors); b. covers preventative, promotive, and curative aspects of health; c. uses simple or complex multimedia to videoconferencing to virtual reality; d. can be interactive (synchronous -"real-time" personto-person or person-to-software engagement; or asynchronous -delayed messaging such as e-mail); e. engages and links all types of users (from highly trained clinicians to minimally trained community health care workers (CHWs), to patients, to the general population); and f. can be used as an alternate or complementary approach for almost any health issue imaginable. The further focus of the paper is on the "developing world". There is no established convention for the designation of "developed" or "developing" countries in the United Nations system, and although countries emerging from the former Yugoslavia might be considered developing countries, those of Eastern Europe and the former USSR are not generally included under either developed or developing designations. This chapter therefore examines "developing" countries in the Latin American and Caribbean (LAC), Asian, and African regions.
A recent search of PubMed, a bibliographic database of medical research that is maintained by the National Library of Medicine, returned 18,252 results for the search term "telehealth" alone. Significant research has been performed, but more is required as the quality of research and value of the resulting solutions have been frequently questioned, particularly for economic studies. [7] [8] [9] [10] [11] However, the sheer volume and generally positive impact of the telehealth literature must hold some weight. The need for a "realistic review" to explain what works, for whom, and in what circumstances seems urgent. 12, 13 Regardless, at this time, telehealth has still not reached the critical tipping point either globally or in the developing world.
One reason may be the tendency in the developed world to focus attention on clever, narrow, or "one-disease" applications (eg, telediabetes; telesurgery). Yet patients typically do not have "one disease", and few of the World's seven billion plus population will need or benefit from telesurgery. Solutions for the developing world must be more pragmatic. They must not be attempts at emulation of developed-world solutions, but must address the specific needs and contexts of the developing world.
Many articles speak of the "potential" of telehealth, especially for providing access to care for individuals in rural and remote locations. This potential must be converted to reality for the developing world, which struggles with inhumane circumstances. Nowhere is this more evident Smart Homecare Technology and TeleHealth downloaded from https://www.dovepress.com/ by 54.70.40.11 on 16-Sep-2019 For personal use only. 
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Telehealth in the developing world than in Africa. This continent is home to 14% of the World's population, and still struggles with 24% of the global burden of disease (GBD), and yet is served by just 3% of the world's health workers with access to merely 1% of world health expenditure. 14 The issue is global; the World Health Organization (WHO) identified five developing countries in LAC, 12 in Asia, and 39 in Africa facing severe shortages of health workers. 14 The Organization for Economic Cooperation and Development has an average of 320 doctors per 100,000 people, although ironically the link between the national per capita number of doctors and health care outcomes is debated. 15, 16 However, the human health resource situation in Africa is desperate, with the average for the WHO Africa Region being just 26 physicians per 100,000 people. 17 Cooke et al 18 note the skewed distribution between urban and rural areas that worsens such estimates, stating that in South Africa ∼43% of the population who live in rural areas have available just one general physician to every 7,700 peopleabout 13 physicians per 100,000. In addition, Chanda and Shaw 19 describe in Zambia a health sector operating at 50% of its intended complement, and with almost 45% of rural health centers being run by unqualified health workers. They indicate that some provinces operate at a doctor-topopulation ratio of 1:69,000 -the ratio recommended by the WHO is 1:5,000. This renders such health systems all but incapable of providing even basic health care services to their population.
Telehealth is considered by some an appropriate response to such dire circumstances and if devised and implemented correctly could ameliorate this situation. 20 The developed and developing world are often assumed to have similar heath issues, but the need and perspective differ. Similarities do exist, eg, the burden of noncommunicable diseases (the leading causes of death worldwide, particularly premature death), and aspects related to distance and maldistribution of health care providers. Here the WHO has pointed to education as being a primary leverage point ("There is strong evidence for the correlation between a host of social determinants, especially education, and prevalent levels of NCDs and risk factors"). 21 But there are differences also, such as high cost, underdeveloped infrastructure, and lack of technical expertise. Table 1 shows some of the primary issues from a developing world perspective, based on the authors' experience. Given these disparities, the optimal solutions required to address the issues and needs -including telehealth options -will also differ.
Addressing this reality will involve focused delivery of technologically appropriate and culturally sensitive solutions that align with "glocal" (global and local) health system and health "needs" of each entity (institution, subnational region, country) and culture involved, ideally in the form of an evidence-based, needs-based, transparent, and defensible strategy. 5, 22 In this way, telehealth could provide greater access to broader health expertise through teleconsultations, raise the skills and knowledge of local health care providers through training, and even foster greater self-care and wellness habits of a population through awareness building and behavioral change. Although not the entire solution, it could help considerably.
The developed world has a vested interest in improved global health and developing world solutions. More and more, diseases are becoming a global concern. Neglected, or orphan, diseases -once considered a scourge of just the developing world -are now able to spread rapidly and globally. The very porous nature of our formerly restrictive political Scott and Mars borders and rapid transportation to anywhere in the world has changed this. This reality was demonstrated through the HIV/AIDS and SARS pandemics, and even the current rise in global concern around Ebola. We can no longer focus on issues -or technological solutions -as if they were solely of sovereign concern, but must now also consider the global implications of what we do locally (ie, "glocal" e-health).
In addition, the resource limitations of most developing country settings will require telehealth (indeed, e-health) solutions to be not just effective, but simple and inexpensive (ie, technologically appropriate). The developed world can benefit from such developing world innovation; this flow is "reverse" to the traditional aid-driven flow and has been coined "reverse innovation". But the driving force is far from altruistic. Telehealth represents big business. The global telehome and telemedicine market reached $13.8 billion in 2012, and this market is expected to grow to $35.1 billion by 2018. 23 Similarly the global m-health market is expected to hit $21.5 billion in 4 years, with an annual growth rate of ∼55%, and the global remote patient monitoring market (comprising external monitoring devices and implantable monitoring devices) is believed to be primed for significant growth. 24, 25 Most of this will be in developed countries initially (Europe and North America), but even developing countries remain a business opportunity -someone (an individual, insurance company, or government) has to pay for health care, whether facilitated by e-health or not. More significantly, the world's top economies are shifting, and People's Republic of China, India, and Brazil are expected to move higher, and Mexico to enter, the top 10 economies by 2020. Huge populations, rising household incomes, and younger consumers may stimulate public interest in e-health. What might be the return on investment for the developing world, and for whom -the state or individuals? Significant claims have been made of cost savings in the developed world, but such savings are unlikely to accrue to most of the developing world. 22, 26 There must be other benefits -other "value" -identified and respected.
There is an air of inevitability associated with the use of "e-health" (including telehealth) for future health care and wellness support in developing countries. But the key will be to invest wisely in the identification, demonstration, and implementation of only solutions proven to offer broad value in those settings. This will require judicious application of lessons learnt from current use, astute understanding of barriers and options to overcome them, and imaginative and innovative application of technologically appropriate solutions.
After describing the breadth of current use of telehealth in developing countries, this review describes some general challenges and concludes by considering future prospects for telehealth in the developing world.
Current use
When compared to that for developed countries, relatively little published evidence exists of the extensive telehealth work known to occur in developing countries. e-Health-related activity has taken place within the last 15 years in all but 31 (13%) of the world's 238 United Nations-recognized countries. 27 Some reviews of e-health (including telehealth) exist, and many books and reports (gray literature) are available demonstrating the spectrum of telehealth in developing countries. [28] [29] [30] [31] [32] Asia, the most populous continent, is home to about 4.3 billion people (∼60% of the global population) and includes the world's two most populated countries -People's Republic of China and India -which together constitute about 37% of the world's population. Africa, the second most populated continent, has about 1 billion people (∼15% of global population), while the LAC regions are home to around 600 million (∼9% of global population). Most "developing countries" are in these regions and constitute about 80% of the global population.
Lewis et al 33 showed that various types of ICT are being used by private organizations in low-and middle-income countries to address key health system challenges. Specifically, the main challenges identified were increased access (42%), data management (38%), virtual patient-provider communication (31%), improved diagnosis and treatment (17%), mitigating fraud and abuse (8%), and streamlined financial transactions (4%). The most commonly used devices were phones (71%) and computers (39%). They also identified that donors are the primary funders of almost half of e-health programs (47%).
Telehealth (or telemedicine) has been used in response to conflict-based or disaster-based humanitarian need. 34, 35 Beyond this, activity can be seen in many developing countries; for example, Brazil, Cambodia, Ecuador, India, Nepal, Philippines, and South Africa, among others. 32 In Asia, recent growth in application of telehealth has been seen in both India and People's Republic of China, with continued growth expected in the coming decade. Many countries in Africa also exhibit activity. In LAC countries, a tremendous level of activity can be seen in Brazil, where telehealth has become embedded in the delivery of health care. 36, 37 Although most initiatives remain locally focused and at the pilot or project stage, sustained telehealth networks also Wootton et al 39 described seven of nine long-running networks (operating for 5-11 years). These networks provided clinical tele-consultations using store-and-forward methods; four address all clinical specialties with the remainder being more specialized. One used videoconferencing for trauma cases, and five also provided educational activities. 39 Between 2006 and 2011, three showed a positive trend in network activity, three a negative trend, and one stable activity; on average, network activity increased by about 10% each year. Mars and Scott 40 introduced a metric as a standard measure of network usage (consultations per site per week [C/S/W]) and showed that this number invariably lies below 2, which they considered unacceptably low and raised concern about how well current clinical services are used.
Wootton et al 39 concluded the strength of the evidence was generally poor by conventional standards (eg, 29 papers described noncontrolled clinical series), although most papers provided some evidence of sustainability and improved access to care. A common risk factor was uncertain funding. The University of KwaZulu Natal, Durban, South Africa has been using ICT-facilitated teaching for over a decade, simultaneously broadcasting (and recording) lectures to four University of KwaZulu Natal campuses locally. They also teach graduate telehealth and informatics degree programs throughout sub-Saharan Africa using various video-based software programs (eg, Scopia) and Learning Management Systems (eg, Moodle), and even simply record and distribute CD/DVD lectures for continuing education. 41 
Telehealth in LAC
In this region, application of e-health has grown significantly. 42 Brazil has applied telehealth most comprehensively. Brazil is a huge and complex country with a population of 201.4 million distributed unevenly among 26 states and one federal district. The country has invested heavily in applying telehealth to enhance its municipality-based primary care system through Telehealth Units located in urban, rural, and remote basic health centers. It aligned three national networks to create a pilot project which, with strong leadership and political support, matured and transitioned into a national program. The program now supports service (teleconsultation in many clinical fields; formative second opinion), education (in-service and higher education), and research.
Minas Gerais, a state in the south of Brazil, exemplifies the application of telehealth for its 19 million residents in 853 municipalities. 35 In 2005, the state government established a small-scale telehealth network focusing on cardiology that connected five public university teaching hospitals with 82 municipal health departments serving 10,500 inhabitants. By 2012 the network was embedded in the primary health care system of over 300 municipalities and served about 47% of the state's population, performing on average 1,450 teleelectrocardiograms as well as 77 teleconsultations each day. An element of success is related to the use of inexpensive equipment, but a limitation is restriction of teleconsultations to physicians only (Brazil's Board of Physicians does not authorize teleconsultations between physicians and patients). Minas Gerais reportedly invested about $9 million USD and estimated a cost savings over a period 5 years of $20.08 million USD (a cost-benefit ratio of ∼2.24:1).
Telehealth in Asia
This region is home to a great number of countries diverse in their level of economic development and application of telehealth. No recent review of telehealth in Asia was found. Durrani and Khoja performed a systematic review of telehealth in Asia in 2009. 30 They found most studies were from Japan (37%), and the most common modes of application were store-and-forward (43%), videoconferencing (35%), or a hybrid approach (15%). Studies were primarily descriptive (75%), with only eight including comparison against a control group.
The region is one of profound heterogeneity in terms of relative wealth and use of technology (with Malaysia and Singapore at one extreme, and perhaps Vietnam and Cambodia at the other) and population (with the most populace countries being India and People's Republic of China). Malaysia took bold steps as long ago as 1996, declaring various telehealth-related laws and implementing a "Multi-Media Supercorridor" initiative, and introducing a Lifetime Health Plan with a "lifelong PHR" for every Scott and Mars citizen (which proved unsustainable). 43, 44 India's government is reported to have planned and implemented national-level telehealth projects in an attempt to overcome its inability to provide accessible and quality health care to much of the country, with the Apollo Hospital Group having been very successful with employing telehealth, but the country is struggling to achieve scale and sustainability. [45] [46] [47] Sharma 45 also noted that India had developed telehealth services and education in South Asian and African countries. Post SARS, People's Republic of China also has begun to employ e-health more systematically. 48, 49 Scanning the literature reveals that many other developing countries in the region use telehealth to varying degrees, for various purposes, and with varying success, but mostly in the context of projects; there is little evidence of sustained application of programs and poor publication for any single country or the region as a whole.
Telehealth in Africa
Currently, the focus of e-health in Africa is reported to be toward telehealth, health education, and health-related research, with the number of m-health projects rising rapidly in recent years. 28 A recent study showed that there were 51 m-health programs that were being operated in 26 developing countries. Funding for these activities came from a wide range of funding bodies, some of which had specific geographic focus. Not all interventions are promising, but increasingly many African countries see e-health interventions increasing in number, particularly those with higher Gross National Income. 50 Although no recent review was found, Mars recently summarized telehealth in Africa. 51 He identified significant clinical activity in telecardiology, teleradiology, telepathology, teledermatology, teleobstetrics, telepsychiatry, and teleophthalmology, as well as tele-education, with more localized and trial or project activities in many areas (promoting HIV testing; appointment reminders, medication adherence, family planning, teleorthopedics).
m-Health in the developing world
Cell phones have rapidly evolved in the last 2 decades giving rise to "smartphones" and other smart devices (ie, sensor-rich and Internet-enabled). Today even "basic" devices have significant multimedia capability that can be explored to build powerful tools (eg, for surveillance or learning). With the advent of "m-health" (simply e-health using mobile devices) and availability of smartphones, the developing world has seen a plethora of initiatives, many directed toward the support of rural and isolated CHWs and child and maternal health needs. [52] [53] [54] [55] [56] Piette et al 57 reported 
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Telehealth in the developing world and economy (GDP). No relationship between activity and these parameters was apparent, suggesting that initiatives remain opportunistic.
Challenges
Many challenges exist. Here only a few select challenges are highlighted as major stumbling blocks, with opportunities or suggestions for solutions proffered. The challenges presented extend across social, political, and technological domains.
Health human resources
The 2006 World Health Report, "Working Together for Health", estimated a shortfall of 4.3 million skilled, motivated, and supported health workers worldwide, with 57 countries having insufficient numbers to provide even basic health services. 14 This reality continues with extreme shortages not only in health care professionals but also in professionals trained and skilled in telehealth and other aspects of e-health. Telehealth can be used to provide and target the various levels of training required. 59 
Population demographics
The general trend toward increasingly older populations has been occurring for at least 50 years and is occurring in the developing world also. In Asia the next 20 years will see almost a quarter of the region's population needing "elder care", and although the trend is slower in Africa and LAC, still a proportionately larger number of elderly will require care. This will place still further strain on existing health care systems. Greater focus on telehealth solutions that ameliorate this strain are needed.
Awareness and expectation
Politicians and others have significantly different, and often inaccurate, understanding of what constitutes e-health and telehealth. A common foundation of knowledge and understanding must be developed, and the available technology then used to raise awareness of users and decision-makers, and to provide training opportunities. 59, 60 
Double burden of disease
The developing world continues to face the burden of communicable diseases, but now also must combat a significant rise in the prevalence of noncommunicable diseases. These must be tackled in a resource-scarce setting, without detracting from existing health care system-related efforts to provide basic services. Technologically appropriate and culturally sensitive solutions are required. 5
Poverty
Despite achieving the Millennium Development Goal of halving "extreme poverty" from its 1990 level, significant poverty still exists in all parts of the world, and levels are not uniform across all countries or regions. In 2010, just five countries were home to about two-thirds of the world's 1.2 billion "extreme poor": India (33%), People's Republic of China (13%), Nigeria (9%), Bangladesh (5%), and the Democratic Republic of the Congo (5%). 61 Low-income countries contain most of the "extremely poor" in the world (29% in 2010). Asia, which is particularly heterogeneous, and the LAC region, each have about 20% of the world's poor. Sub-Saharan Africa remains the region with the highest proportion of poor, where 48% of people live on less than $1.25 a day. 61 Telehealth solutions that focus on evidence-based health "need", including social determinants of health, are more likely to address the extremely poor and poor. 21
Technology and communications availability
As technology advances, there is an assumption of ubiquitythat those in the developing world will have ready access to both affordable wireless communication and feature-rich mobile technology. The International Telecommunications Union figures show that only 31% of the developing world population is online -just 16% in Africa (77% in the developed world), and 90% of households not connected to the Internet are in the developing world. 62 Even for those with technology and access, poor general and technological literacy means use is limited; can a slum dweller (or even a CHW) from a developing country really be expected to own and possess a feature-rich mobile device and sufficient skill and airtime to take and share photographs, record video, receive and comprehend multimedia, or connect to the Internet? In 2014, Jack and Mars 63 showed that in rural and remote areas of South Africa, many owners were reticent to use their basic cell phones because of the (still) high cost, with 38% unable to afford airtime for more than 1 week in the past year. For vulnerable groups and those who are extremely poor and poor -those most in need -the reality is much less than the published figures of ICT penetration would suggest.
Health system challenges
Telehealth is being asked to merge with existing health care systems -akin to fitting a square peg into a round holewhen, in fact, it may function best in an entirely new system. Wholesale change of health care systems will not occur, with many still struggling with ongoing reforms to shift toward 
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Scott and Mars a primary care orientation and universal health coverage. Therefore, the challenge becomes how can health care systems, programs, and policies be adequately adjusted, modified, or otherwise improved to accommodate telehealth? Human nature dictates that if we do not believe in something, we do not put in the effort to make it work. Awareness and knowledge of key stakeholders must be raised, so they think more positively and correctly about the appropriate use and value of telehealth.
Focusing on true health needs
Recently, the Institute for Health Metrics and Evaluation completed and published results of their GBD 2010 study, and currently their 2013 study. 64 The GBD can be represented by disability-adjusted life years, and these can help to identify glocal health needs. The top health needs of each country (perhaps even subnational region) differ, and this situation is dynamic with changes over time being visible (creating the need for flexible solutions).
As an example, the GBD study also presents risk factors for each country (Table 3) . 65, 66 These represent potentially modifiable causes of disease and injury. Might these be good candidates for telehealth interventions that focus on behavioral modification? Table 3 shows that for more than half of the countries studied, the primary risk factor was "dietary risks". This includes components such as high sodium intake and lack of fruit, nuts, and seeds and whole-grain intake. GBD 2010 found that the diseases linked to poor diets and physical inactivity were primarily cardiovascular diseases as well as cancer and diabetes. How can telehealth help? How many current telehealth interventions address such root-cause issues in a coordinated and focused manner?
Level of evidence
Strong evidence of the impact of telehealth anywhere in the world is lacking. 39 The context in the developing world is known to be different, and those differences may allow telehealth to function better and be more acceptable. Is it necessary to repeat all the research completed in the developed world to show its value in a developing world setting? Some have argued "no". 67 Traditional, large, multisite trials are expensive and can take years to produce information. Investment in such studies should be carefully weighed against the funding of larger numbers of smaller and innovative (albeit less definitive) studies of solutions adapted to different cultures and settings. 57 Regardless, it will be necessary to perform adequate research to demonstrate utility and economic viability and to publish that evidence in accessible outlets (open-access journals, without prohibitive processing fees) for the benefit of others.
The softer side
No matter how good a telehealth solution may be, unless the setting is willing to embrace it, it will not function well -or perhaps at all -if resistance is high. The areas of "readiness" or "preparedness" are important to address prior to any intervention, as is "change management", which must be considered at all stages of the life cycle of a telehealth intervention. Specific actions are necessary to mitigate these challenges, but raising knowledge and awareness of telehealth helps reduce their impact.
Future prospects
What may the future hold for telehealth in the developing world? This question depends on primary driving forces and can be answered in several ways. Two possible approaches will be considered here: broader aspects or speculation on individual areas of growth.
Broader aspects
Three broader considerations for the primary driving force in moving telehealth forward in the developing world are 1) technological imperative, 2) status quo, and 3) evidence-based health need. 1. Technological imperative. Strongly influenced by current or anticipated opportunities of profit, big business can continue to be a primary driving force. This leads to seeking problems that the available and developing "cutting-edge" e-health applications may be able to resolve. However, just because something can be done does not mean it should be done; further, vendor answers may not be the needed solutions. By definition, technology and private-sector investment cannot be separated from e-health, but instead of looking toward areas where 
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Telehealth in the developing world a profit can be seen, industry must be realigned to seek solutions for those areas where evidence shows the greatest need of a country, region, or facility. Profit will follow. 2. Status quo. Political desire to demonstrate advancement, and the fractured understanding of e-health, can continue to conspire and lead investment toward data-based and ad hoc telehealth and e-learning solutions. Practice from elsewhere is often emulated or adapted, or a "Champion" may be leveraged (who will typically focus on initiatives within their area of expertise or practice). This may not be the best use of already limited resources (time, effort, and funding) because any e-health solution represents an opportunity cost. Relevance and sustainability is more likely when solutions address a clear need and are designed and established organically within the context and setting in which they will be applied. 3. Evidence-based health need. What disease or health issue should be resolved? The tendency for governments to "maximize current investment", "build on" existing initiatives, or to seek "low-hanging fruit" is a concern, as these initiatives have typically been identified through "technological imperative" or "status quo" insight. So too is the tendency to have outside agencies (nongovernmental organizations, foreign governments, and religious groups) fund research and implementation of telehealth projects, as they are duty bound to address their own agenda and not necessarily that of the entity concerned. If interests do not align, then these activities can, at the least, become an unwanted distraction or, at worst, a drain on already limited resources. In contrast, having an evidence-informed, needs-based, and defensible e-health strategy in place allows countries, regions, and facilities to be the architects of their own e-health destiny. When a funder, nongovernmental organization, or religious group suggests an initiative, it can be welcomed if it aligns with the established e-health strategy or politely declined if it does not. The 2010 post-earthquake situation in Haiti was an example of well-intentioned but uncoordinated support. Hundreds of large and small nongovernmental organizations, private-sector groups, and religious organizations, as well as foreign government-led initiatives, arrived and independently engaged in their own focused activity (often unwittingly employing e-health solutions). Very often this was without any knowledge, coordination, or approval of the struggling government (Personal experience of an author [RES]). A subsequently initiated "mandatory" registration process proved impossible to enforce. This example speaks to the need for countries, subnational health regions, and even health care facilities to have their own e-health strategy developed, in place, and enforced. 40 
Speculation on individual areas of growth
Alternatively, it is possible to speculate on individual areas of growth as future drivers of telehealth in the developing world. Promising areas include m-health, remote monitoring, "apps", games, and training. These are briefly described.
m-Health
Proven interventions can improve population and individual health only if they reach those who need them. Telehealth has global outreach potential, and m-health innovations seem to be one field of technology application that promise this breadth of impact. m-Health is not a new technology, but simply an inevitable evolutionary occurrence as "wireless" capability expanded, allowing greater access to and use of mobile devices of various kinds. It is finding application in all components of e-health (telehealth, health informatics, e-learning, and e-commerce). Motamarri et al 68 gave some insight as to why m-health may become the technological approach of choice for developing countries based upon their experience in Bangladesh. They note m-health's potential for ubiquity and potential to serve the underserved, and its recognition as a scalable and dependable health care delivery platform.
But m-health may not be the silver bullet some believe. Application of m-health to vulnerable groups -ie, those truly in need -may be less immediate, requiring practical and more esoteric mobile device-related issues to be addressed. While growth in rates of data transfer and signal quality continue (eg, 2G to 3G to 4G), vulnerable groups in poor and rural areas are left without such connectivity due to an unviable business case. Furthermore, a fundamental concern is the exaggeration of the penetration of mobile phones, which are often said to be "ubiquitous" or shown as percentages greater than 100%, erroneously implying that vulnerable groups will have significant ownership, ready access, and ability. 63, 69, 70 One study showed severe restrictions in use in rural and remote areas, with nearly 40% unable to afford airtime for more than 1 week in the past year. 63 The same study showed that one-third of cell phones were shared, and over one-half had received health-related messages for other people. Further, theft of cell phones and changing of cell numbers was common, and one-quarter of those living in rural areas were unable Smart Homecare Technology and TeleHealth downloaded from https://www.dovepress.com/ by 54.70.40.11 on 16-Sep-2019 For personal use only.
to keep their phone charged due to unreliable, inaccessible, or costly electricity. 63 A range of issues must be resolved before m-health truly addresses the needs of the developing world, in particular vulnerable and poor or extremely poor groups. These include practical issues (means of "charging" cell phones -both power and connectivity; depth and breadth of coverage), more fundamental issues (poor technical and health literacy; confidentiality and privacy), and many other issues ("unsafe sharing", and regional, gender-related, and socioeconomic variations), as well as cost.
Remote monitoring
This area is poised for marked and innovative growth. The phrase "remote patient monitoring" will fade as uses for wellness influence future applications, and the simpler term "remote monitoring" is adopted and becomes the favored term. Two fundamental types of monitoring currently exist: external monitors and indwelling monitors. It has been suggested monitoring is common in our physical world, but not our personal world. For example, modern cars have hundreds of sensors, and even smart phones now have many, but humans are said to be "flying blind". From a physiological standpoint, this is incorrect (many sophisticated and sensitive sensors and feedback processes exist within the body), but the concept of accessing and broadcasting that data is absent. This will continue to change with indwelling monitors sending telemetry, allowing health care professionals to control the device and collect data, or external monitors of vital signs automatically collating and wirelessly transferring the data to health care providers when connectivity is available. These types of solutions will become more sophisticated and common, with initial markets being in developed countries (US, Canada, UK, Germany, France, Italy, Spain, Japan, People's Republic of China, Australia), but with growth in remote monitoring in India and Brazil, followed by other developing countries soon thereafter.
"There's an App for that …."
An "app" (or application) is nothing more than a small, specialized program downloaded onto mobile devices. Numbers vary, and are changing daily, but there are more than 500,000 apps for i-Phones alone, many health-or medicinerelated. Currently an unregulated area of activity, greater standardization (and regulation) will transform apps from being quirky and novel to being essential and embedded into the health care delivery process, even in the developing world. Health care providers will maintain contact with and monitor their patients remotely through apps. Individuals will monitor their own well-being or chronic disease through a health dashboard on their mobile devices. Initially out of reach of most of the developing world population, steady inroads will be made through expanding utility for CHWs, and then introducing more modest apps for the general population. The number of apps will decrease and the quality increase as standards are developed to ensure well-designed and intuitive usability and functionality.
Potential applications are broad: Awareness building, appointment reminders, point-of-care support, point-of-care testing, point-of-care diagnostics, patient monitoring, disease and outbreak surveillance, emergency medical response, health information management, supply chain management, education, e-learning, and e-commerce, to suggest a few. Similarly, potential rewards are significant: Raising treatment compliance will improve outcomes; encouraging behavior change will improve self-care; surveillance will ensure timely intervention and reduce emergency or catastrophic care; and monitoring patient physiology with indwelling or peripheral sensors and monitors will identify issues before they become concerns.
Making health fun!
We know that many health problems are related to modifiable behavior. Changing behavior is difficult, and since when has anything to do with health care ever been fun? This will change through use of social media and related tools. 71, 72 An area of opportunity still in its infancy in health care, but a multibillion-dollar business in the entertainment sector, is "gaming"; not in the sense of gambling or statistical reasoning, but in terms of social interaction and behavior change. Serious games and computer simulations (video games intended to be educational not just entertaining) appear to have potential to raise knowledge and understanding, and thereby change behavior. Vidal et al 73 have developed "SimBody", an interactive simulator that educates people on how to mitigate the risk of cardiovascular diseases. The program provides lifestyle advice as well as showing the progression of atherosclerosis, and users have stated they intend to change their behavior and lifestyle. However, some note the paucity of sound theory, research, and evidence of impact and the danger of promoting, developing, or maintaining misconceptions that may have adverse consequences later in health care practice. 74 
Training
The urgent need to "build the capacity to build capacity" has been highlighted. 41 Sufficient numbers of trained and Smart Homecare Technology and TeleHealth downloaded from https://www.dovepress.com/ by 54.70.40.11 on 16-Sep-2019 For personal use only.
well-supported health care providers are key to widening access to safe, quality health care services for the developing world. Often, CHWs are critical actors, providing surveillance, care, and education in rural and remote locations. Yet, CHWs in many settings work with minimal (or no) supervision, compensation, training, materials, or support. Telehealth applications could provide CHWs with the training and support they need.
In Ghana, Yusif and Soar identified 16 projects; most indicated the greatest need was education for health professionals (7/16) and many identified a lack of skills and human resources as limiting factors (6/16). 75 Decentralization of training for health care personnel (in its various formats: Awareness; teaching; instruction; and education) to the community setting is viewed as positive. 59 Community-based training facilitated through e-learning (telehealth) would enhance linkages between future HCWs and the population, provide rural populations with access to quality health care, give relevance to learning experiences, and raise awareness and use of telehealth.
Discussion
The beauty of telehealth is its ability to transgress the many barriers that mankind has erected -geographic, time, social, cultural, and political -giving it the "potential" to achieve health care support for "anyone, anytime, anywhere" (Byline of the former Canadian Society of Telehealth). This is also its major disadvantage. Such a vision conflicts with human behavior. Humankind creates artificial boundaries within which familiarity is maintained through written or unwritten guidelines or limitations and which establishes permissible behavior. Stepping outside those parameters creates uncertainty and discomfort. Why should attempts to fit something as global and diverse as telehealth into existing sovereign patterns of activity and practice be expected to succeed? Yet there is a profound need that success be achieved.
The developing world is home to about 80% of the world's population, many of whom live in abject poverty and dire need of health-related services -a stated "human right". The situation is compounded by the shortage of health care providers in rural and remote areas, by the absence of universal social public and primary health care, by the growing burden of noncommunicable diseases, by the lack of or inappropriately resourced rural health centers and hospitals, and by long distances and poor or nonexistent (and costly) transportation to urban health facilities. The low population density and distance factors are a disincentive for profitable commercial solutions (connectivity and service), and a significant task for resource-challenged government delivery of services. Telehealth is presumed to be a solution.
But telehealth, indeed any aspect of e-health, is not necessarily the best response. 40 Optimal response to a problem must lie within the sphere of influence of the solution. Today's thought process is: e-health/telehealth is available -where can we use it? Tomorrow's thought process must become more pragmatic: what is the problem; what are possible solutions to that problem; might telehealth facilitate the optimal solution and help resolve the problem; if so, how is it successfully and sustainably designed, implemented, scaled, and integrated?
But even when selecting telehealth as a facilitator, conflicts arise. On the one hand, telehealth solutions should address what the "users" (eg, patients, health care providers) want. On the other hand, telehealth solutions should address evidence-based needs of the country, subnational region, or health care facility. The former approach raises the likelihood of buy-in, the latter approach raises the likelihood of sound investment and better population health. This dilemma will not be easily addressed.
Ideally, taking the time to interactively establish an evidence-based, needs-based, transparent, and defensible telehealth strategy (within an e-health strategy) would minimize conflict. 22 Compromise is often the politic solution, investing primarily in the solutions derived from the evidence-based strategy with modest discretionary investment available for smaller focused applications.
Conclusion
The future of telehealth in the developing world is in our hands. The shortage of health workers and specialist services, and need for upgraded skills training remain the major problems and will continue to be so as the rate of health worker production fails to keep pace with population growth. Judicious use of telehealth offers a partial solution through direct clinical services (both intra-and interjurisdictional), training, and task shifting to lower levels of health workers. Achieving this at a national level requires political will, insight, coordination, and management of seemingly disparate factors. It must start with answering the population health and health system "needs", utilizing technologically appropriate and cost-effective solutions that are sensitive to the reality of the poverty of those most in need. Such an approach cannot be achieved through technological imperative or status quo approaches, but requires a structured approach through the development of synergistic e-health strategy (incorporating telehealth) at the national, Smart Homecare Technology and TeleHealth downloaded from https://www.dovepress.com/ by 54.70.40.11 on 16-Sep-2019 For personal use only.
subnational, and facility levels to guide public and private innovation, and broad user adoption.
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